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[NAME OF T^^jeumENT] Specification 
[TITLE OF THE INVENTION] Semiconductor Device and Fabrication 

Process Therefor 

[CLAIMS] 

[Claim 1] A semiconductor device fabrication process 
characterized by comprising the steps of: 

(a) forming a dummy gate pattern on a semiconductor substrate 
with the intervention of a gate insulating film; 

(b) forming a sidewall insulating film on a side wall of the dummy 
gate pattern; 

(c) forming a film of the same material as a material for the dummy 
gate pattern at least in a contact plug formation region on the 
semiconductor substrate; 

(d) forming an interlayer insulating film around the same material 
film on the semiconductor substrate; 

(e) removing the dummy gate pattern and the same material film 
located in the contact plug formation region to form trenches in the 
interlayer insulating film; and 

(f) filling the trenches with an electrically conductive material to 
form a gate electrode and a contact plug. 

[Claim 2] A semiconductor device fabrication process, 
characterized by comprising the steps of: 

(a*) forming an electrically conductive film of a predetermined 
configuration on a semiconductor substrate with the intervention of a 
gate insulating film, and forming a dummy gate pattern on the 



electrically conductive film; 

(b*) forming sidewall insulating films on a side walls of the 
electrically conductive film and the dummy gate pattern; and 

(c) forming a film of the same material as a material for the 
dummy gate pattern at least in a contact plug formation region on the 
semiconductor substrate; 

(d) forming an interlayer insulating film around the same material 
film on the semiconductor substrate; 

(e) removing the dummy gate pattern and the same material film 
located in the contact plug formation region to form trenches in the 
interlayer insulating film; and 

(f) filling the trenches with an electrically conductive material to 
form a contact plug and a gate electrode which is constituted by the 
electrically conductive film and the electrically conductive material. 

[Claim 3] A semiconductor device fabrication process 
characterized by comprising the steps of: 

(a") forming a plurality of dummy gate patterns on a semiconductor 
substrate with the intervention of a gate insulating film; 
(b) forming sidewall insulating films on side walls of the dummy 
gate patterns; 

(c") forming a dummy contact pattern in a contact plug formation 
region between the dummy gate patterns on the semiconductor 
substrate in a self-aligned manner; 

(e") removing the dummy gate patterns and the dummy contact 
pattern to form trenches; and 
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(f) filling the trenches with an electrically conductive material to 

form a gate electrode and a contact plug. 

[Claim 4] A semiconductor device fabrication process 
characterized by comprising the steps of: 

(a*") forming a plurality of electrically conductive films of a 
predetermined configuration on a semiconductor substrate with the 
intervention of a gate insulating film, and forming dummy gate patterns 
on the electrically conductive films; 

(b^ forming sidewall insulating films on side walls of the electrically 
conductive films and the dummy gate patterns; and 
(c") forming a dummy contact pattern in a contact plug formation 
region between the dummy gate patterns on the semiconductor 
substrate in a self-aligned manner; 

(e") removing the dummy gate patterns and the dummy contact 
pattern to form trenches; and 

(f) filling the trenches with an electrically conductive material to 

form a contact plug and a gate electrode which is constituted by the 
electrically conductive films and the electrically conductive material. 

[Claim 5] A semiconductor device fabrication process 
characterized by comprising the steps of: 

(aa) forming a plurality of dummy gate patterns on a semiconductor 
substrate; 

(b) forming sidewall insulating films on side walls of the dummy 
gate patterns; 

(cc) filling an electrically conductive material in a recess defined 
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between the dummy gate patterns in a contact plug formation region on 

the semiconductor substrate to form a contact plug; 

(dd) removing the dummy gate patterns to form trenches; 

(ee) forming gate insulating films at least on bottom faces of the 

trenches; and 

(ff) filling the trenches with an electrically conductive material to 
form a gate electrode. 

[Claim 6] A process as set forth in any one of claims 1~ 5 , 
comprising the step of planarizing a top edge of the sidewall insulating 
film before or after the formation of the trenches. 

[Claim 7] A process as set forth in any one of claims 1 ~6, 
wherein the electrically conductive material is a metal or a high melting 
point metal. 

[Claim 8] A process as set forth in any one of claims 1, 2, 6, 7, 
wherein the dummy gate pattern comprises a silicon nitride film, and the 
sidewall insulating film comprises a silicon oxide film. 

[Claim 9] A process as set forth in any one of claims 3~7, 
wherein the dummy gate pattern and the dummy contact pattern 
comprise a silicon nitride film, and the sidewall insulating film 
comprises a silicon oxide film 

[Claim 10] A process as set forth in claim 5, wherein the gate 
insulating film and the sidewall insulating film are interposed between 
the gate electrode and the contact plug, and a top surface of the gate 
electrode is flush with a top surface of the contact plug. 

[Claim 11] A semiconductor device comprising: 
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a gate electrode provided on a semiconductor substrate with the 
intervention of a gate insulating film; 

a sidewall insulating film provided on a side wall of the gate 
electrode; 

source/ drain regions provided in the semiconductor substrate; 

and 

contact plugs provided on the source/ drain regions; 

wherein the gate electrode is electrically isolated from the 
contact plugs by the sidewall insulating film alone; 

wherein the gate electrode is partly or entirely composed of the 
same material as the contact plugs; 

wherein the gate electrode and the contact plugs have the same 

height. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] 
The present invention relates to a semiconductor device and to 
fabrication process therefor. More specifically, the invention relates to 
a semiconductor device fabricated in consideration of prevention of 
deterioration of a gate insulating film in a semiconductor process and to 
fabrication process therefor. 
[0002] 

[Prior Art] 

In MOS transistors employing a silicon oxide film as a gate 
insulating film, the reliability of the gate insulating film is important for 
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improvement of the performance of the transistors. 

Where the gate insulating film has a smaller thickness on the 
order of 4 nm, however, the gate insulating film is liable to be damaged 
by plasma during impurity doping and processing of a gate electrode and 
by ions during ion implantation into a channel region and source/ drain 
regions, resulting in deterioration of the reliability of the gate insulating 
film (e.g., deterioration of TDDB, increase in leak current and reduction 
in withstand voltage). 

One approach to this problem is to employ a dummy gate 
pattern for formation of a gate electrode as proposed in Japanese 
Unexamined Patent Publication No. 1 1-74508 (1999). 
[0003] 

First, trenches are formed in a silicon substrate 4 1 , for 
example, by a reactive ion etching (RIE) process, and insulating films are 
embedded in the trenches for formation of so-called trench device 
isolation layers 42 (STI : Shallow Trench Isolation layers having a trench 
depth of about 0.2 ii m). Then, a pad oxide film (dummy insulating film) 
43 of Si02 having a thickness of about 5 nm is formed on the substrate 
by thermal oxidation, and an amorphous silicon layer for dummy gate 
pattern formation is deposited to a thickness of about 300 nm on the 
pad oxide film 43. The amorphous silicon layer is etched by an RIE 
process or the like with the use of a resist mask formed by an ordinary 
lithography process. Thus, a dummy gate pattern 44 is formed which 
will later be removed for formation of a gate electrode (Fig. 1 1(a)). 
[0004] 
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Then, the surface of the dummy gate pattern 44 is thermally 
oxidized, for example, in an oxygen atmosphere at 850 * C, whereby an 
oxide film 45 having a thickness of about 10 nm is formed as shown in 
Fig. 1 1(b). Where an n-channel transistor is to be fabricated, for 
example, phosphorus (P+) ions are implanted into the substrate at 70 
keV at a dose of about 4 X 10 13 cm' 2 by using the dummy gate pattern 44 
and the thermal oxide film 45 as a mask, whereby n--type diffusion 
regions 47a are formed in the substrate for formation of an LDD (Lightly 
Doped Drain) structure. 
[0005] 

In turn, as shown in Fig. 1 1(c), an Si3N4 layer (or an Si02 layer) 
is deposited over the resulting silicon substrate 4 1 , and etched back by 
an RIE process, whereby a sidewall insulating film 46 having a thickness 
of about 20 nm is formed on the oxide film 45 on a side wall of the 
dummy gate pattern 44. By using the dummy gate pattern 44 and the 
sidewall insulating film 46 as a mask, arsenic (As + ) ions, for example, are 
implanted into the substrate at 30 keV at a dose of about 5X 10 15 cm- 2 
for formation of n + -type diffusion regions 47b. Thereafter, an interlayer 
insulating film 48 of Si02 is formed over the resulting silicon substrate 
41, and the surface thereof is planarized by a CMP (Chemical 
Mechanical Polishing) process to expose the surface of the dummy gate 
pattern 44. 
[0006] 

Then, as shown in Fig. 1 1(d), the dummy gate pattern 44 is 
selectively removed by a CDE (Chemical Dry Etching) process, a wet 
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etching process employing a KOH solution or the like for formation of a 
trench 50. Thereafter, a channel region is subjected to channel ion 
implantation, as desired, by using a resist pattern (not shown) formed in 
a desired region on the substrate, the interlayer insulating film 48, the 
sidewall insulating film 46 and the oxide film 45 as a mask. Where an 
n-channel transistor with a threshold voltage (Vth) of about 0.7 V is to be 
fabricated, boron (B + ) ions are implanted into a channel region at 10 keV 
at a dose of about 5X 10 12 cm* 2 , whereby a p-type channel impurity 
region (not shown) is selectively formed in the channel region. 
[0007] 

Subsequently, a portion of the pad oxide film 43 on the bottom 
of the trench 50 is removed as shown in Fig. 12(e). 

Further, a gate insulating film 49 is formed over the resulting 
substrate by depositing a CVD-Si02 layer (about 3 nm thick) or a high- 
dielectric-constant film such as of Ta20s (about 20 nm thick) as shown 
in Fig. 12(f). 
[0008] 

In turn, a metal film (e.g., a single layer film such as a Ru film, a 
TiN film, a W film or a tungsten nitride (WN X ) film, or a laminate film 
such as constituted by a W film and a TiN film) is formed over the 
resulting substrate. Then, portions of the metal film and the gate 
insulating film 49 on the interlayer insulating film 48 are removed by a 
CMP process, whereby a gate electrode 50 is formed in the trench 50 as 
shown in Fig. 12(g). 
[0009] 
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Subsequently, an Si02 layer is deposited to a thickness of about 
200 nm over the resulting silicon substrate 41 for formation of an 
interlayer insulating film 51, and contact holes are formed in the 
interlayer insulating films as extending to the source/ drain regions 47 
and the gate electrode 50. Then, an Al layer is deposited over the 
resulting substrate to fill the contact holes, and patterned for formation 
of an interconnection 52 as shown in Fig. 12(h). 

Thereafter, a passivation film (not shown) is formed over the 
resulting substrate. Thus, the basic structure of the transistor is 
fabricated. 
[0010] 

[Problems that the Invention is to solve] 
When the source/ drain regions 47 of the transistor thus 
fabricated are connected to the interconnection 52 through the contact 
holes, however, a short between the gate electrode 50 and the 
interconnection 52 is liable to occur due to an alignment shift of the 
contact holes toward the gate electrode 50 because the contact holes are 
generally formed by a photolithography process. In other words, 
alignment processes for the formation of the dummy gate pattern and for 
the formation of the contact holes are separately performed, and even a 
slight alignment shift causes the short because distances between the 
gate electrode and the contact holes are reduced due to micro- 
miniaturization of the semiconductor device. As a result, the transistor 
is deteriorated in characteristics and, at the worst, unable to properly 
operate. 
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[0011] 

[Means of solving the Problems] 

In accordance with the present invention, there is provided a 
semiconductor device fabrication process, which comprises the steps of: 

(a) forming a dummy gate pattern on a semiconductor substrate 
with the intervention of a gate insulating film; 

(b) forming a sidewall insulating film on a side wall of the dummy 
gate pattern; 

(c) forming a film of the same material as a material for the dummy 
gate pattern at least in a contact plug formation region on the 
semiconductor substrate; 

(d) forming an interlayer insulating film around the same material 
film on the semiconductor substrate; 

(e) removing the dummy gate pattern and the same material film 
located in the contact plug formation region to form trenches in the 
interlayer insulating film; and 

(f) filling the trenches with an electrically conductive material to 
form a gate electrode and a contact plug. 

[0012] In accordance with the present invention, there is provided a 
semiconductor device fabrication process, which comprises the steps of: 
(a*) forming an electrically conductive film of a predetermined 
configuration on a semiconductor substrate with the intervention of a 
gate insulating film, and forming a dummy gate pattern on the 
electrically conductive film; 

(b 7 ) forming sidewall insulating films on side walls of the 
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electrically conductive film and the dummy gate pattern; and 

(c) forming a film of the same material as a material for the dummy 
gate pattern at least in a contact plug formation region on the 
semiconductor substrate; 

(d) forming an interlayer insulating film around the same material 
film on the semiconductor substrate; 

(e) removing the dummy gate pattern and the same material film 
located in the contact plug formation region to form trenches in the 
interlayer insulating film; and 

(f) filling the trenches with an electrically conductive material to 
form a contact plug and a gate electrode which is constituted by the 
electrically conductive films and the electrically conductive material. 
[0013] 

Further, there is provided a semiconductor device fabrication 
process, which comprises the steps of: 

(a w ) forming a plurality of dummy gate patterns on a semiconductor 
substrate with the intervention of a gate insulating film; 
(b) forming sidewall insulating films on side walls of the dummy 
gate patterns; 

(c") forming a dummy contact pattern in a contact plug formation 
region between the dummy gate patterns on the semiconductor 
substrate in a self-aligned manner; 

(e") removing the dummy gate patterns and the dummy contact 
pattern to form trenches; and 

(f) filling the trenches with an electrically conductive material to 
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form a gate electrode and a contact plug. 
[0014] 

Also, there is provided a semiconductor device fabrication 
process, which comprises the steps of: 

(bT 7 ) forming a plurality of electrically conductive films of a 
predetermined configuration on a semiconductor substrate with the 
intervention of a gate insulating film, and forming dummy gate patterns 
on the electrically conductive films; 

(b 7 ) forming sidewall insulating films on side walls of the electrically 
conductive films and the dummy gate patterns; and 
(c") forming a dummy contact pattern in a contact plug formation 
region between the dummy gate patterns on the semiconductor 
substrate in a self-aligned manner; 

(e") removing the dummy gate patterns and the dummy contact 
pattern to form trenches; and 

(f) filling the trenches with an electrically conductive material to 

form a contact plug and a gate electrode which is constituted by the 
electrically conductive films and the electrically conductive material. 
[0015] 

Moreover, there is provided a semiconductor device fabrication 
process, which comprises the steps of: 

(aa) forming a plurality of dummy gate patterns on a semiconductor 
substrate; 

(b) forming sidewall insulating films on a side walls of the dummy 
gate patterns; 
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(cc) filling an electrically conductive material in a recess defined 

between the dummy gate patterns in a contact plug formation region on 

the semiconductor substrate to form a contact plug; 

(dd) removing the dummy gate patterns to form trenches; 

(ee) forming gate insulating films at least on bottom faces of the 

trenches; and 

(ff) filling the trenches with an electrically conductive material to 

form a gate electrode. 

[0016] 

Furthermore, there is provided a semiconductor device which 
comprises: 

a gate electrode provided on a semiconductor substrate with the 
intervention of a gate insulating film; 

a sidewall insulating film provided on a side wall of the gate 
electrode; 

source/ drain regions provided in the semiconductor substrate; 

and 

contact plugs provided on the source/ drain regions; 

wherein the gate electrode is electrically isolated from the 
contact plugs by the sidewall insulating film alone; 

wherein the gate electrode is partly or entirely composed of the 
same material as the contact plugs; 

wherein the gate electrode and the contact plugs have the same 

height. 
[0017] 
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[Mode for Carrying out the Invention] 

In Step (a) of the semiconductor device fabrication process 
according to the present invention, the dummy gate pattern is formed on 
the semiconductor substrate with the intervention of the gate insulating 
film. The semiconductor substrate to be employed in the present 
invention is not particularly limited, but may be any of those typically 
employed for fabrication of ordinary semiconductor devices. Exemplary 
materials for the semiconductor substrate include elemental 
semiconductors such as silicon and germanium, and compound 
semiconductors such as GaAs, InGaAs and ZnSe. Any of various 
substrates including an SOI substrate and a multi-layer SOI substrate 
may be employed. Further, a so-called epitaxial substrate having an 
epitaxially grown semiconductor surface layer may be employed. 
Among these substrates, a silicon substrate is particularly preferred. 
The semiconductor substrate preferably has a device isolation region 
formed thereon. Further, the semiconductor substrate may be of a 
single layer structure or a multi-layer structure formed with such 
devices as a transistor, a capacitor and a resistor, an interlayer 
insulating film, a circuit constituted by these devices, a semiconductor 
device, and the like in combination. The device isolation region is 
formed by providing any of various device isolation films such as a 
LOCOS film, a trench oxide film and an STI film, among which the STI 
film is particularly preferred. Further, one or more high concentration 
impurity regions (wells) of n-type or p-type may be formed in the surface 
of the semiconductor substrate. 
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[0018] 

The gate insulating film may be any of those capable of 
functioning as a gate insulating film in an ordinary transistor, and 
examples thereof include insulating films such as silicon oxide films (a 
CVD-Si02 film and a thermal Si02 film) or a silicon nitride film, high- 
dielectric-constant films such as of Ta20s, or a laminate film of these 
films. The thickness of the gate insulating film is not particularly 
limited. For example, the thickness is about 0. 1 nm to about 20 nm for 
the insulating films, and about 5 nm to about 50 nm for the high- 
dielectric-constant films. The formation of the gate insulating film is 
achieved by a thermal oxidation, a CVD method, a sputtering, an 
evaporation method and an anodic oxidation, which may be employed 
either alone or in combination. 
[0019] 

The term "dummy gate pattern" herein means a pattern 
preliminarily formed in a gate electrode formation region. The 
configuration and thickness of the dummy gate pattern are properly 
determined depending on the function of the gate electrode to be formed 
and the characteristics and function of a semiconductor device 
employing this gate electrode. For example, the thickness of the 
dummy gate pattern is about 200 nm to about 600 nm. Since the 
dummy gate pattern is to be removed before the formation of the gate 
electrode, the material for the dummy gate pattern is properly 
determined depending on conditions to be employed for the removal of 
the dummy gate pattern. For example, the dummy gate pattern may be 
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a single layer film or a multi-layer film constituted by: a film of a 
semiconductor such as polysilicon or amorphous silicon; a film of a 
metal such as aluminum or nickel or an alloy thereof; a film of a high 
melting point metal such as tantalum or tungsten; an insulating film 
such as a silicon oxide film (a thermal oxide film, a low temperature 
oxidized film (LTO film) or a high temperature oxidized film (HTO film)), a 
silicon nitride film, an SOG film, a PSG film, a BSG film or a BPSG film; 
and /or a dielectric film such as a PZT film, a PLZT film, a ferroelectric 
film or an antiferroelectric film. Among these films, the insulating films, 
particularly the silicon nitride film and the silicon oxide film are 
preferred. The silicon nitride film is more preferred. The formation of 
the dummy gate pattern is achieved by depositing a layer of the dummy 
gate pattern material over the semiconductor substrate, and patterning 
the layer into a desired configuration by a known method, for example, 
by a photolithography and etching process. 
[0020] 

In Step (b), the sidewall insulating film is formed on the side wall 
of the dummy gate pattern. The sidewall insulating film may be a 
single-layer film or a multi-layer film constituted by any of the aforesaid 
insulating films, for example. The sidewall insulating film is preferably 
formed of a material which is different from the dummy gate pattern 
material and particularly provides a higher selectivity with respect to the 
dummy gate pattern when a dummy contact pattern is removed in a 
later step. More specifically, where the dummy gate pattern is a silicon 
nitride film, the sidewall insulating film is preferably a silicon oxide film. 
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The formation of the sidewall insulating film is achieved by a known 
method, for example, by forming an insulating film over the resulting 
semiconductor substrate and etching back the insulating film by an 
anisotropic etching process such as an RIE. 
[0021] 

The sidewall insulating film preferably has a thickness which 
ensures electrical isolation between the gate electrode and the contact 
plug to be formed later and allows for formation of an LDD region having 
a desired function. For example, the sidewall insulating film has a 
maximum thickness of about 10 nm to about 50 nm on the side wall of 
the dummy gate pattern. 
[0022] 

In Step (c), the film of the same material as the dummy gate 
pattern material is formed at least in the contact plug formation region 
on the semiconductor substrate. 

The term "contact plug formation region" herein means a region 
where the contact plug is formed for electrical connection between a 
source /drain region in the semiconductor substrate and an 
interconnection to be formed at a higher level than the gate electrode, 
and typically a region on the source/drain region. 

The film of the same material as the dummy gate pattern 
material is preferably of the same quality also, formed by the same 
process as for the dummy gate pattern. The same material film may 
have a smaller thickness than the dummy gate pattern, but preferably 
has a thickness equal to or greater than the thickness of the dummy 
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gate pattern. 
[0023] 

The same material film may be formed only in a region around 
the dummy gate pattern and the side wall insulating film in an adjoining 
relation to the sidewall insulating film, formed in a region including the 
region around the dummy gate pattern and the sidewall insulating film, 
or formed over the resulting semiconductor substrate to be double as the 
interlayer insulating film to be formed in Step (d) which will be described 
later. The same material film is preferably planarized to be flush with 
the surface of the dummy gate pattern so that the surface of the dummy 
gate pattern is not completely covered with the same material film but is 
exposed. The formation of the same material film in any of the 
aforesaid regions is achieved by depositing a layer of the same material 
over the resulting semiconductor substrate, then optionally patterning 
the layer by a photolithography and etching process, and optionally 
planarizing the surface of the layer by a CMP process or the like. 

[0024] 

In Step (d), the interlayer insulating film is formed on the 
semiconductor substrate around the same material film as the dummy 
gate pattern. The material for and the thickness of the interlayer 
insulating film are not particularly limited, as long as electrical isolation 
between an underlying interconnection and an overlying interconnection 
can be ensured. For example, the interlayer insulating film may be 
formed of a material selected from the aforesaid insulating films, and 
have a thickness substantially the same as or bigger than the dummy 
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gate pattern. The interlayer insulating film is formed over the resulting 
semiconductor substrate, and the surface thereof is preferably 
planarized, by a CMP method or the like, to expose the surfaces of the 
dummy gate pattern and the same material film provided therearound. 
Preferably, the interlayer insulating film, the dummy gate pattern, the 
same material film and the sidewall insulating film are preferably 
planarized so that the sidewall insulating film has a flat top edge. 

Step (d) is not necessarily required to be performed 
independently of Step (c), but Steps (c) and (d) may be performed as a 
single step. In this case, a material which is usable as a material for the 
interlayer insulating film and the same as the dummy gate pattern 
material may be selected to form a layer over the semiconductor 
substrate including the contact plug formation region. 
[0025] 

In Step (e), the dummy gate pattern and the portion of the same 
material film located in the contact plug formation region are removed, 
whereby the trenches are formed in the interlayer insulating film. The 
removal of the dummy gate pattern and the same material film may be 
achieved by a wet etching process employing hydrofluoric acid, hot 
phosphoric acid, nitric acid, sulfuric acid, or a dry etching process such 
as a sputtering, a reactive ion etching or a plasma etching. 
[0026] 

Where the interlayer insulating film and the same material film 
are integrally formed in the single step, the removal of the dummy gate 
pattern and the same material film is achieved by the aforesaid wet or 
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diy etching process with the use of a resist mask pattern having an 
opening on the dummy gate pattern, the sidewall insulating film and the 
contact plug formation region located around the dummy gate pattern 
and the sidewall insulating film in an adjoining relation to the sidewall 
insulating film. 

Where the top edge of the sidewall insulating film is not 
planarized in the preceding step, the planarization of the sidewall 
insulating film may be carried out after the formation of the trenches. 
[0027] 

In Step (f), the trenches are filled with the electrically conductive 
material for formation of the gate electrode and the contact plug. 
Usable as the electrically conductive material are metals such as 
aluminum, ruthenium, copper, gold, silver and nickel and alloys thereof, 
high melting point metals such as tantalum, tungsten and titanium, 
alloys thereof and nitrides thereof such as TiN and WN X , polysilicon, and 
silicides and polycides of high melting point metals. The gate electrode 
and the contact plug may be of a single layer structure or a multi-layer 
structure, and the formation thereof is achieved by any of various 
processes such as an evaporation process, a sputtering, a CVD method 
and an EB method. The thickness of the electrically conductive 
material is not particularly limited, but is preferably such that the 
trenches are completely filled with the electrically conductive material. 
For example, the thickness is about 100 nm to about 600 nm. 
[0028] 

The formation of the gate electrode and the contact plug is 
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achieved by forming a layer of the electrically conductive material over 
the semiconductor substrate including the trenches, and planarizing the 
surface of the layer, for example, by a CMP process to expose the 
interlayer insulating film. 

In Step (a*) of another semiconductor device fabrication process 
according to the present invention, the electrically conductive film of the 
predetermined configuration is formed on the semiconductor substrate 
with the intervention of the gate insulating film, and the dummy gate 
pattern is formed on the electrically conductive film. The formation of 
the gate insulating film is achieved in substantially the same manner as 
in Step (a). The electrically conductive materials as previously 
described are usable as a material for the electrically conductive film. 
Among the aforesaid electrically conductive materials, polysilicon is 
particularly preferred. The thickness of the electrically conductive film 
is not particularly limited, but may properly be determined in 
consideration of the thickness of the gate electrode to be formed. The 
formation of the dummy gate pattern is achieved in substantially the 
same manner as in Step (a) by depositing a layer of the dummy gate 
pattern material on the electrically conductive film, and simultaneously 
patterning the layer and the electrically conductive film. 
[0029] 

In Step (b*), the sidewall insulating film is formed on the side 
walls of the electrically conductive film and the dummy gate pattern. 
Step (b 7 ) is performed in substantially the same manner as Step (b). 

In Step (f), the electrically conductive material is filled in the 
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trenches. The filling of the electrically conductive material is achieved 
in the same manner as in Step (f). Thus, the contact plug and the gate 
electrode of a laminate structure constituted by the electrically 
conductive material and the electrically conductive film are formed. 

In Step (a") of still another semiconductor device fabrication 
process according to the present invention, the plurality of dummy gate 
patterns are formed on the semiconductor substrate with the 
intervention of the gate insulating film. Step (a") is performed in 
substantially the same manner as Step (a). 
[0030] 

In Step (c"), the dummy contact pattern is formed in the contact 
plug formation region between the dummy gate patterns in a self-aligned 
manner. The term "dummy contact pattern" herein means a pattern to 
be preliminarily formed in a region where the contact plug is to be 
formed. The configuration and thickness of the dummy contact pattern 
is properly determined depending on the function of the contact plug to 
be formed. Since the dummy contact pattern is to be removed before 
the formation of the contact plug, a material for the dummy contact 
pattern is properly selected from the materials to be employed for the 
dummy gate patterns depending on conditions to be employed for the 
removal of the dummy contact pattern. Where the dummy contact 
pattern has the same thickness as the dummy gate patterns, for 
example, the same material is preferably used. Where a material 
different from the dummy gate pattern material, more specifically a 
material less liable to be etched than the dummy gate pattern material, 
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is selected, the dummy contact pattern preferably has a smaller 
thickness than the dummy gate patterns in consideration of an etch 
selectivity with respect to the dummy gate patterns. The dummy 
contact pattern is preferably formed of the same material and has the 
same thickness as the dummy gate patterns. 
[0031] 

For the formation of the dummy contact pattern, the dummy 
contact pattern material is filled in a recess defined between the dummy 
gate patterns with the intervention of the sidewall insulating films in a 
self-aligned manner by depositing a layer of the dummy contact pattern 
material over the semiconductor substrate and planarizing the layer by a 
CMP process or the like to expose the surface of the dummy gate 
patterns. 
[0032] 

Step (e") is performed in substantially the same manner as Step 

(e). 

The other semiconductor device fabrication process according to 
the present invention includes, in combination, Steps (a*), (h*), (c"), (d") 
and (f) selected from the steps of the aforesaid production processes. 

In Step (aa) of still another semiconductor device fabrication 
process according to the present invention, the plurality of dummy gate 
patterns are formed on the semiconductor substrate. The formation of 
the dummy gate patterns is achieved in the same manner as in Step (a) . 
[0033] 

In Step (cc), the electrically conductive material is filled in the 
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recess defined between the dummy gate patterns in the contact plug 
formation region for the formation of the contact plug. The electrically 
conductive material and the filling method to be employed in Step (cc) 
are substantially the same as those in Step (f). 

In Step (dd), the dummy gate patterns are removed for the 
formation of the trenches. Step (dd) is performed in substantially the 
same manner as Steps (e) and (e"). 

In Step (ee), the gate insulating films are formed at least on the 
bottom faces of the trenches. The formation of the gate insulating films 
is achieved in substantially the same manner as in Step (a). The gate 
insulating films may be formed not only on the bottom faces of the 
trenches, but over the substrate including the contact plug and sidewall 
insulating films. 
[0034] 

In Step (ff), the electrically conductive material is filled in the 
trenches for the formation of the gate electrode. Step (ff) is performed in 
substantially the same manner as Step (f). 

In the fabrication process of a semiconductor memory device 
according to the present invention, ion implantation is preferably carried 
out for formation of a low concentration impurity layer and/ or a high 
concentration impurity layer in the substrate before, after or in a desired 
one of the steps. For the ion implantation, impurity ions may be 
implanted into the substrate perpendicularly thereto or at a 
predetermined oblique angle, depending on a position to be formed with 
the impurity layer, the concentration of the impurity and the method of 



the ion implantation. The ion implantation allows for formation of 
source/ drain regions of a single structure, an LDD structure or a DDD 
structure. As required, ion implantation for threshold control, a heat 
treatment, a salicide process, formation of an insulating film, 
densification of the insulating film, formation of a contact hole and/ or 
formation of an interconnection are preferably performed by known 
methods for the fabrication of the semiconductor device. For example, 
the heat treatment is performed in air, an oxygen atmosphere or a 
nitrogen atmosphere at a temperature of about 600 * C to about 900 ° C 
for about 1 second to about 5 minutes by an oven annealing or an RTA 
(Rapid Thermal Anneal) for activation of the impurity, for the 
densification of the insulating film or for the planarization. 

Semiconductor devices and fabrication processes therefor in 
accordance with embodiments of the present invention will hereinafter 
be described with reference to the attached drawings. 
[0035] 

Embodimen t 1 

First, as shown in Fig. 1 (a) , a p-well (not shown) and an n-well 
(not shown) are formed in an n-channel transistor formation region and 
a p-channel transistor formation region, respectively, on a silicon 
surface (100) of a p-type silicon substrate 11 having an impurity 
concentration of about 5X 10 15 cm* 3 . Thereafter, trenches are formed 
in the silicon substrate 1 1 by an RIE, and insulating films are embedded 
in the trenches, whereby so-called trench device isolation layers 12 (STI 
layers having a trench depth of about 0.2 jum) is formed. Then, a 
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CVD-SiCh or thermal-SiC>2 film (about 3-nm thick) or a high-dielectric- 
constant films such as of Ta20s (about 20-nm thick) is deposited over 
the resulting silicon substrate 1 1 for formation of a gate insulating film 
13. 

[0036] 

In turn, a silicon nitride layer for dummy gate pattern formation 
is deposited to a thickness of about 400 nm on the gate insulating film 
13, and etched by an RIE process employing a resist mask pattern (not 
shown) formed by a lithography process, whereby a dummy gate pattern 
14 is formed as shown in Fig. 1(b). 

In the case of the n-channel transistor, phosphorus (P + ) ions, for 
example, are implanted into the substrate at 70 keV at a dose of about 4 
X 10 13 cm- 2 by using the dummy gate pattern 14 as a mask, whereby 
n-type diffusion regions 15a are formed in the substrate for formation of 
an LDD structure. 
[0037] 

Subsequently, an Si02 layer is deposited over the resulting 
substrate, and the entire surface is etched back by an RIE, whereby a 
sidewall insulating film 16 having a thickness of about 20 nm is formed 
on side walls of the dummy gate pattern 14. 

Thereafter, arsenic ions (As + ), for example, are implanted into 
the substrate at 30 keV at a dose of about 5X 10 15 cm" 2 by using the 
dummy gate pattern 14 and the sidewall insulating film 16 as a mask for 
formation of n + -type diffusion regions 15b. 
[0038] 



26 



After a silicon nitride layer is deposited to a thickness of about 
400 nm on resulting silicon substrate 1 1 and planarized, the silicon 
nitride layer is etched by an RIE process employing a resist mask formed 
by a lithography process, whereby dummy contact patterns 17 to be 
removed in a later step for contact hole formation are formed around the 
side wall insulating film 16 as shown in Fig. 1(c). 
[0039] 

In turn, an interlayer insulating film 18 is formed, as shown in 
Fig. 1(d), by depositing a CVD-Si02 layer, for example, to a thickness of 
about 400 nm over the resulting silicon substrate 1 1 , and heated in an 
N2 atmosphere at about 800 ° C for about 30 minutes for densification 
thereof. The heat treatment also serves for activation of the ion 
implanted regions in source /drain regions. 
[0040] 

In turn, the dummy gate patterns 14, 14a and the dummy 
contact patterns 38 are selectively removed in the same manner as in 
Embodiment 1, as shown in Fig. 5(d), and channel ion implantation is 
carried as shown in Fig. 1(e). At this time, a top edge of the sidewall 
insulating film 16 may be planarized for prevention of a short between a 
gate electrode and contacts. In this case, the exposed surfaces of the 
dummy gate pattern 14 and the dummy contact patterns 17 are etched 
with hot phosphoric acid or by an RIE process so that the silicon nitride 
layer is set back. Then, the top edge of the sidewall insulating film 16 is 
planarized again by the CMP process. 
[0041] 
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Thereafter, the dummy gate pattern 14 and the dummy contact 
patterns 17 are selectively removed by hot phosphoric acid or an RIE 
process, as shown in Fig. 2 (f), Then, the resulting substrate is subjected 
to channel ion inplantation. Where an n-channel transistor is allowed 
to have a threshold voltage (Vth) of about 0.7 V, for example, boron (B + ) 
ions are implanted into a channel region at 10 keV at a dose of about 5 
X 10 12 cm" 2 , whereby a p-type channel impurity region (not shown). 
Thereafter the resulting substrate is subjected to an RTA, for example, at 
about 800 ° C for about 10 seconds. Thus, the impurity profile in the 
channel regions can be optimized to suppress a short channel effect of 
the transistor, because a high-temperature heat treatment step is not 
performed in a later step. 
[0042] 

Further, a gate electrode 19 and contact plugs 20 are formed as 
shown in Fig. 2(g), for example, by depositing an Al layer over the 
resulting substrate and planarizing the surface thereof by a CMP 
process. At this time, the side wall insulating film 16 and the interlayer 
insulating film 18 serve as a stopper of the planarization in the CMP 
process. 
[0043] 

In turn, as shown in Fig. 2(h), an interlayer insulating film 22 is 
formed by depositing an SiC>2 layer to a thickness of about 300 nm over 
the resulting silicon substrate 1 1 by a plasma TEOS process, and etched 
by an RIE with the use of a resist mask pattern 23 formed by a 
lithography process for formation of contact holes 24 for connection to 
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the contact plugs 20 and a contact hole (not shown) for connection to the 
gate electrode 19. 

After the resist pattern 23 is removed, an interconnection is 
formed by a so-called dual damascene process as shown in Fig. 2(i). 
That is, a resist pattern 26 having an opening in an interconnection 
pattern formation region is formed by a lithography process, and 
trenches 25 having a depth of about 0.25 ju m are formed in the 
interlayer insulating film 22 by an RIE. 
[0044] 

After the resist pattern 26 is removed, an Al-Cu film, for example, 
is embedded in the contact holes 24 and the trenches 25 by a high 
temperature sputtering and reflow process, and planarized by a CMP 
process, whereby the interconnection 27 is formed as shown in Fig. 2(j). 

In this semiconductor device fabrication process, the contact 
plugs 20 can be formed in the vicinity of the gate electrode 19 in a self- 
aligned manner, so that electrical isolation between the gate electrode 19 
and the contact plugs 20 is ensured for prevention of a short between 
the gate electrode and the contacts of the interconnection. Further, the 
contact plugs 20 can be spaced by a minimum distance from the gate 
electrode 19 as desired by adjusting the thickness of the sidewall 
insulating film 16. Therefore, the contacts can be provided close to the 
gate electrode, whereby a parasitic resistance in the source/ drain 
regions can be reduced for improvement of the device characteristics of 
the transistor. 
[0045] 
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Embodiment 2 

As shown in Fig. 3(a), a gate insulating film 13 of Ta02 and a 
dummy gate pattern 14 of CVD-SiC>2 are formed on a silicon substrate 
11 having trench device isolation layers 12 in substantially the same 
manner as in Embodiment 1 , followed by formation of n--type diffusion 
regions 15a, a sidewall insulating film 16 of silicon nitride and n + -type 
diffusion regions 15b. 

Then, as shown in Fig. 3(b), an interlayer insulating film 18 of 
CVD-SiCh is formed on the resulting silicon substrate 11, and densified 
in substantially the same manner as in Embodiment 1 . 

Subsequently, the surface of the interlayer insulating film 1 8 is 
planarized by a CMP process to expose the surface of the dummy gate 
pattern 14 as shown in Fig. 3(c). 
[0046] 

In turn, the dummy gate pattern 14 and portions of the 
interlayer insulating film 18 located in contact formation regions are 
selectively removed with the use of a resist mask pattern 28 formed 
around the sidewall insulating film 16 by a lithography process as 
shown in Fig. 3(d). 

The subsequent steps are performed in the same manner as in 
Embodiment 1. 

This semiconductor device fabrication process provides the 
same effects as in Embodiment 1 . 
[0047] 

Embodiment 3 
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A gate insulating film 13 is deposited on a silicon substrate 1 1 
having trench device isolation layers 12 as in Embodiment 1. 

Then, a polysilicon layer 32 serving as a part of a gate electrode 
is deposited to a thickness of 200 nm on the gate insulating film 13, and 
doped with an impurity. Further, a silicon nitride layer for dummy gate 
pattern formation is deposited to a thickness of about 200 nm on the 
resulting substrate. The polysilicon layer 32 and the silicon nitride 
layer are etched by an RIE process or the like with the use of a resist 
mask pattern (not shown) formed by a lithography process, whereby the 
polysilicon layer 32 is patterned and a dummy gate pattern 33 to be 
removed for the gate electrode formation in a later step is formed as 
shown in Fig. 4(a). 
[0048] 

In turn, n _ -type diffusion regions 15a are formed in the same 
manner as in Embodiment 1 by using the dummy gate pattern 33 as a 
mask. Subsequently, a sidewall insulating film 16 is formed in the 
same manner as in Embodiment 1 . Thereafter, n + -type diffusion 
regions 15b are formed in the same manner as in Embodiment 1 by 
using the dummy gate pattern 33 and the sidewall insulating film 16 as 
a mask. 

Then, dummy contact patterns 17 are formed around the 
sidewall insulating film 16 in the same manner as in Embodiment 1, as 
shown in Fig. 4(b). 

Subsequently, an interlayer insulating film 18 is formed over the 
resulting substrate in the same manner as in Embodiment 1 , as shown 
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in Fig. 4(c), and the surface thereof is planarized in the same manner as 
in Embodiment 1 to expose the surface of the dummy gate pattern 33 as 
shown in Fig. 4(d). 
[0049] 

Thereafter, the dummy gate pattern 33 and the dummy contact 
pattern 17 are selectively removed in the same manner as in 
Embodiment 1, as shown in Fig. 4(e). At this time, the polysilicon layer 
32 underneath the dummy gate pattern 33 is left unremoved. 

In turn, a barrier metal film (not shown) of Ti, Ta, TaN, W, TiN or 
the like is formed over the resulting substrate. Then, an Al layer 35, for 
example, is formed on the barrier metal film and the surface thereof is 
planarized in the same manner as in Embodiment 1 , whereby a gate 
electrode 36 constituted by the polysilicon layer 32 and the Al layer 35 
and contact plugs 20 constituted by the Al layer 35 are formed as shown 
in Fig. 4(f). 
[0050] 

Thereafter, an interconnection is formed on the resulting 
substrate in the same manner as in Embodiment 1 by a dual damascene 
process. 

In this semiconductor device fabrication process, the polysilicon 
layer 32 is present on the gate insulating film 13, thereby preventing 
over-etching. Thus, the deterioration of the gate insulating film 13 can 
be prevented. 
[0051] 

Embodiment 4 
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First, a gate insulating film 13 is deposited on a silicon 
substrate 1 1 having trench device isolation films 12 in the same manner 
as in Embodiment 1 . 

Then, a silicon nitride layer for dummy gate pattern formation is 
deposited to a thickness of about 300 nm on the gate insulating film 13 
and etched by an RIE process employing a resist mask formed by a 
lithography process, whereby a dummy gate pattern 14 is formed as 
shown in Fig. 5(a). At the same time, dummy gate patterns 14a are 
formed on the device isolation layers 12, and trenches 37 are formed in 
regions where dummy contact patterns are to be formed in a self-aligned 
manner in a later step. 
[0052] 

In turn, n _ -type diffusion regions 15a are formed in the same 
manner as in Embodiment 1 by using the dummy gate patterns 14, 
14a as a mask. After sidewall insulating films 16 are formed on side 
walls of the dummy gate patterns 14, 14a in the same manner as in 
Embodiment 1, n + -type diffusion regions 15b are formed in substantially 
the same manner as in Embodiment 1 by using the dummy gate 
patterns 14, 14a and the sidewall insulating films 16 as a mask. 
[0053] 

Then, a silicon nitride layer 38a is formed to a thickness of 
about 400 nm over the silicon substrate 1 1 including the trenches 37 as 
shown in Fig. 5(b), and the resulting substrate is subjected to an 
annealing process, for example, in an N2 atmosphere at about 750 ° C for 
about 60 minutes for recovery from a damage caused by the 
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implantation for the formation of the source/ drain regions. The 
substrate is further subjected to an RTA in an N2 atmosphere at about 
1000 ° C for about 10 seconds. 

Subsequently, the silicon nitride layer 38a is planarized by a 
CMP process to expose the surfaces of the dummy gate patterns 14, 14a 
for formation of dummy contact patterns 38 in the trenches 37 as shown 
in Fig. 5(c). 
[0054] 

In turn, the dummy gate patterns 14, 14a and the dummy 
contact patterns 38 are selectively removed in the same manner as in 
Embodiment 1, as shown in Fig. 5(d), and channel ion implantation is 
carried out in the same manner as in Embodiment 1 . 

Further, an Al layer, for example, is deposited over the resulting 
substrate, and the surface thereof is planarized by a CMP process in the 
same manner as in Embodiment 1, whereby a gate electrode 19 and 
contact plugs 20 are formed as shown in Fig. 5(e). 
[0055] 

In turn, an interlayer insulating film 22 is formed over the 
resulting silicon substrate 11, and contact holes 24 and a contact hole 
(not shown) for connection to the gate electrode 19 are formed in the 
same manner as in Embodiment 1 with the use of a resist mask pattern 
23 as shown in Fig. 6(f). 

After the resist pattern 23 is removed, trenches 25 having a 
depth of about 0.25 11 m are formed in the interlayer insulating film 22 in 
the same manner as in Embodiment 1 with the use of a resist pattern 26 
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as shown in Fig. 6(g). Then, the resist pattern 26 is removed. 
[0056] 

Thereafter, an Al-Cu film, for example, is embedded in the 
contact holes 24 and the trenches 25 and planarized in the same 
manner as in Embodiment 1, whereby an interconnection 27 is formed 
as shown in Fig. 6(h). 

This semiconductor device fabrication process provides the 
same effects as in Embodiment 1. In addition, there is no need for the 
patterning for the formation of the dummy contact patterns 38 around 
the sidewall insulating films 16 by employing a photolithography 
process. This simplifies the fabrication process as compared with the 
fabrication process according to Embodiment 1 by obviating the 
photolithography process. 
[0057] 

Embodiment 5 

First, a gate insulating film 13 is deposited on a silicon 
substrate 11 having trench device isolation layers 12 in the same 
manner as in Embodiment 1 . 

In turn, a polysilicon layer 32 and a silicon nitride layer 33 are 
deposited both to a thickness of about 200 nm on the resulting 
substrate and patterned in the same manner as in Embodiment 3, 
whereby a dummy gate pattern 33 is formed as shown in Fig. 7(a). At 
the same time, trenches 37 are formed in the same manner as in 
Embodiment 4. 
[0058] 
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Subsequently, rr-type diffusion regions 15a are formed in the 
same manner as in Embodiment 1 by using the dummy gate pattern 33 
as a mask. After sidewall insulating films 16 are formed in the same 
manner as in Embodiment 1, n + -type diffusion regions 15b are formed in 
substantially the same manner as in Embodiment 1 by using the 
dummy gate pattern 13 and the sidewall insulating films 16 as a mask. 

In turn, a silicon nitride layer 38a is formed over the silicon 
substrate 1 1 including the trenches 37 in the same manner as in 
Embodiment 4, as shown in Fig. 7(b), and subjected to a heat treatment. 
[0059] 

Then, the silicon nitride layer 38a is planarized in the same 
manner as in Embodiment 4 to expose the surfaces of the dummy gate 
patterns 33, 33a, whereby dummy contact patterns 38 are formed in the 
trenches 37 as shown in Fig. 7(c). 

Thereafter, the dummy gate patterns 33, 33a and the dummy 
contact patterns 38 are selectively removed in the same manner as in 
Embodiment 1, as shown in Fig. 7(d). 
[0060] 

Subsequently, an Al layer 35, for example, is formed over the 
resulting substrate and planarized in the same manner as in 
Embodiment 3, whereby a gate electrode 36 constituted by the 
polysilicon layer 32 and the Al layer 35 and contact plugs 20 constituted 
by the Al layer 35 are formed as shown in Fig. 7(e). 

Thereafter, an interconnection 27 is formed in the same manner 
as in Embodiment 1 by a dual damascene process. 
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This semiconductor device fabrication process provides the 
same effects as in Embodiment 4. In addition, the poly silicon layer 32 
is present on the gate insulating film 13, thereby preventing over-etching. 
This prevents the deterioration of the gate insulating film 13. 
[0061] 

Embodiment 6 

As shown in Fig. 8(a), a silicon substrate 11 having trench 
device isolation layers 12 is formed with a gate insulating film 13, 
dummy gate patterns 14, 14a (about 300-nm thick), trenches 37, n~-type 
diffusion regions 15a, n + -type diffusion regions 15b and sidewall 
insulating films 16 in the same manner as in Embodiments 1 and 4. 
[0062] 

In turn, a layer of a material different from the material for the 
dummy gate patterns 14, 14a, e.g., a silicon oxide layer 39, is formed to 
a thickness of about 5 nm over the resulting silicon substrate 1 1 as 
shown in Fig. 8(b). The thickness of the silicon oxide layer 39 may 
properly be determined depending on an etching process to be employed 
for etching the dummy gate patterns 14, 14a in a later step and, in this 
embodiment, is determined on assumption that an etch selectivity 
between the silicon nitride layer constituting the dummy gate patterns 
14, 14a and the silicon oxide layer 39 is about 60. Then, the resulting 
substrate is subjected to a heat treatment in the same manner as in 
Embodiment 1 or 4. 
[0063] 

Thereafter, the silicon oxide layer 39 is planarized in 
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substantially the same manner as in Embodiment 1 by a CMP process to 
expose the surfaces of the dummy gate patterns 14, 14a as shown in Fig. 
8(c). 

Subsequently, the dummy gate patterns are removed in the 
same manner as in Embodiment 1, as shown in Fig. 8(d), followed by 
channel implantation, a heat treatment and the like. At this time, the 
silicon oxide layer 39 is completely removed from the trenches 37. 
[0064] 

In turn, a gate electrode 19 and contact plugs 20 are formed in 
the same manner as in Embodiments 1 and 4, as shown in Fig. 8(e), and 
an interconnection 27 is formed in the same manner as in Embodiment 
1 by a dual damascene process. 

This semiconductor device fabrication process provides the 
same effects as in Embodiments 4 and 5. 
[0065] 

Embodiment 7 

As shown in Fig. 9(a), trench device isolation layers 12 are 
formed on a silicon substrate 1 1 in substantially the same manner as in 
Embodiment 1. 

In turn, on the resulting silicon substrate 11, dummy gate 
patterns 14, 14a, trenches 37, n -type diffusion regions 15a, n + -type 
diffusion regions 15b and sidewall insulating films 16 are formed in the 
same manner as in Embodiment 4, as shown in Fig. 9(b) 
[0066] 

Subsequently, a Cu layer is formed over the resulting silicon 
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substrate 1 1 and planarized by a CMP process to expose the surfaces of 
the dummy gate patterns 14, 14a, whereby contact plugs 29 are formed 
as shown in Fig. 9(c). Then, the resulting substrate is subjected to a 
heat treatment in the same manner as in Embodiment 1 or 4. 

In turn, the dummy gate patterns 14, 14a are selectively 
removed in substantially the same manner as in Embodiment 1, as 
shown in Fig. 9(d), and then channel ion implantation and a heat 
treatment are performed in the same manner as in Embodiment 1 or 4. 
[0067] 

Subsequently, a gate insulating film 2 1 is formed over the 
resulting silicon substrate 1 1 in substantially the same manner as in 
Embodiment 1, as shown in Fig. 9(e). 

An Al layer, for example, is deposited over the resulting 
substrate and planarized in the same manner as in Embodiment 1 , 
whereby a gate electrode 19 is formed on the gate insulating film 21 as 
shown in Fig. 10(f). 

Further, an interlayer insulating film 22 is deposited over the 
resulting silicon substrate 1 1, and contact holes 24 for connection to the 
contact plugs 29 and a contact hole (not shown) for connection to the 
gate electrode 19 are formed in the same manner as in Embodiment 1 
with the use of a resist mask pattern 23 as shown in Fig. 10(g). 
[0068] 

After the resist pattern 23 is removed, an interconnection is 
formed in the same manner as in Embodiment 1 by a dual damascene 
process as shown in Fig. 10(h). That is, trenches 25 are formed with the 
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use of a resist pattern 26After the resist pattern 26 is removed, an Al-Cu 
film is embedded in the contact holes 24 and the trenches 25 and 
planarized, whereby the interconnection 27 is formed as shown in Fig. 
10(i). 

This semiconductor device fabrication process provides the 
same effects as in Embodiment 1 . In addition, the deterioration of the 
gate insulating film can be prevented because the gate insulating film is 
formed immediately before the formation of the gate electrode. Thus, 
the gate insulating film has a higher reliability. 
[0069] 

[Effect of the Invention] 

In the semiconductor device fabrication processes according to 
the present invention, the contact plugs can be formed in self-alignment 
with the gate electrode, so that a short between the gate electrode and 
the contact plugs can be prevented which may otherwise occur due to 
the alignment shift of the contact plugs with respect to the gate electrode. 
The distances between the gate electrode and the contact plugs are 
virtually determined by the thickness of the sidewall insulating film. 
Therefore, the thickness of the sidewall insulating film is reduced for 
reduction of a device area, thereby increasing the integration degree of 
the semiconductor device. 
[0070] 

Where the electrically conductive film is formed before the 
formation of the dummy gate pattern, the gate insulating film is not 
exposed but covered with the electrically conductive film during the 
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process, so that the deterioration of the gate insulating film can be 
suppressed. 

Where the plurality of dummy gate patterns are formed, the 
dummy contact patterns can be formed between the dummy gate 
patterns. This obviates a photolithography process for the formation of 
the dummy contact patterns, thereby simplifying the fabrication 
process. 
[0071] 

Where the formation of the gate insulating film is carried out in 
a later step of the fabrication process, the deterioration of the gate 
insulating film can be prevented further, allowing for fabrication of a 
highly reliable semiconductor device. 

Where the top edge of the sidewall insulating film is planarized 
before or after the formation of the trenches, contact between the gate 
electrode and the contact plugs is more assuredly prevented, so that a 
short between the gate electrode and the contact plugs can be 
eliminated. 
[0072] 

Since a high temperature heat process is performed before the 
formation of the gate electrode, an electrically conductive material 
having a lower melting point can be employed as a material for the gate 
electrode. Therefore, device characteristics can be improved, for 
example, to achieve a higher speed operation. 

Where the dummy gate patterns, or the dummy gate patterns 
and the dummy contact patterns are each constituted by a silicon 
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nitride film and the sidewall insulating film is constituted by a silicon 
oxide film, the selective removal of the dummy gate patterns for the 
formation of the trenches can easily be achieved for easy fabrication of a 
semiconductor device. 
[0073] 

Where the sidewall insulating film and the gate insulating film 
are located between the gate electrode and the contact plugs, and the top 
surface of the gate electrode is flush with the top surfaces of the contact 
plugs, the planarity of the gate electrode and the contact plugs can be 
ensured. Therefore, a process margin, particularly a photo margin, can 
be ensured in the subsequent metallization step. 

The semiconductor device according to the present invention is 
free from an inter-device or intra-device short with a minimum device 
area. Further, the semiconductor device is highly reliable without 
deterioration of the gate insulating film thereof. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. lJSchematic sectional views for explaining the 
semiconductor device fabrication process according to a first 
embodiment; 

[Fig. 2] Schematic sectional views for explaining a 
semiconductor device fabrication process according to the first 
embodiment of the present invention; 

[Fig. 3] Schematic sectional views for explaining a 
semiconductor device fabrication process according to a second 
embodiment of the present invention; 
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[Fig. 4] Schematic sectional views for explaining the 
semiconductor device fabrication process according to a third 
embodiment; 

[Fig. 5] Schematic sectional views for explaining a 
semiconductor device fabrication process according to a fourth 
embodiment of the present invention; 

[Fig. 6] Schematic sectional views for explaining a 
semiconductor device fabrication process according to a fifth 
embodiment of the present invention; 

[Fig. 7] Schematic sectional views for explaining the 
semiconductor device fabrication process according to the fifth 
embodiment; 

[Fig. 8] Schematic sectional views for explaining the 
semiconductor device fabrication process according to a sixth 
embodiment; 

[Fig. 9] Schematic sectional views for explaining the 
semiconductor device fabrication process according to a seventh 
embodiment; 

[Fig. 10] Schematic sectional views for explaining the 
semiconductor device fabrication process according to the seventh 
embodiment; 

[Fig. 1 1] Schematic sectional views for explaining the 
semiconductor device fabrication process according to the prior art. 

[Fig. 12] Schematic sectional views for explaining the 
semiconductor device fabrication process according to the prior art. 
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[Explanation of reference numerals] 



1 1 Silicon Substrate (Semiconductor Substrate) 

12 Trench Device Isolation Layer 
13,21 Gate Insulating Film 
14,14a,33,33a Dummy Gate Pattern 

15a n--type Diffusion Region 

15b n + -type Diffusion Region 

16 Sidewall Insulating Film 

17,38 Dummy Contact Pattern 

18 Interlayer Insulating Film 

19.36 Gate Electrode 
20,29 Contact Plug 

22 Interlayer Insulating Film 

23,26,28 Resist Pattern 

24 Contact Hole 

25.37 Trench 

27 Interconnection 

32 Polysilicon Film 

35 Al Film 

38a Silicon Nitride Film 

39 Silicon Oxide Film 
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[Name of Document] Drawings 
[Fig. 1] 




[Fig. 2] 




[Fig. 4] 




[Fig- 5] 




[Fig. 6] 
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[Fig. 7] 
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[Fig. 8] 




11 



[Fig. 10] 
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[NAME OF THE DOCUMENT] Abstract of the Disclosure 
[ABSTRACT] 

[Object] The object of this invention is to a semiconductor device and an 
is to prevent deterioration of a gate insulating film in a semiconductor 
process so as to obtain a highly reliable semiconductor device. 
[Means for Achieving the Object] A semiconductor device fabrication 
process comprising the steps of: (a) forming a dummy gate pattern on a 
semiconductor substrate with the intervention of a gate insulating film; 

(b) forming an insulating film on a side wall of the dummy gate pattern; 

(c) forming a film of the same material as a material for the dummy gate 
pattern at least in a contact plug formation region on the semiconductor 
substrate; (d) forming an interlayer insulating film around the same 
material film on the semiconductor substrate; (e) removing the dummy 
gate pattern and the same material film located in the contact plug 
formation region to form trenches in the interlayer insulating film; and 
(f) filling the trenches with an electrically conductive material to form a 
gate electrode and a contact plug. 

[SELECTED FIGURE] None 



